Introduction
The thick snowcover and intense warming of air, along with elevated rainfall totals in the whole Danube basin at the end of March 2006 resulted in extreme floods on small as well as middle-sized Danube tributaries, and on the middle and lower Danube itself. Therefore, the formation of snowcover in the 2005/06 winter season deserved consideration.
Over the past 20 years, remote sensing research has undergone major advances in its capability of monitoring and measuring snow-related processes (Rango, 1993; Turpin et al., 1999) . Elder et al., (1991) analyzed snow accumulation and distribution in an alpine watershed in California, USA. They combined field measurements of SWE with the physical attributes of the watershed to identify similarities between classes of SWE. In Norway, snow distribution was studied, among others, by Bruland et al. (2004) . They observed a decrease in the mean annual maximum snowpack value and its duration (Vikhamar Schuler et al., 2006) . Similarly, López-Moreno and Vicente-Serrano (2007) found a decrease in winter and early spring snow accumulation in the second half of the 20 th century in the Spanish Pyrenees. They explained the changes in snowpack by global atmospheric circulation patterns, especially the North Atlantic Oscillation (NAO). Changes of snowcover in the Czech Republic (CZR) were studied by Němec and Zusková (2005) . They processed a series of areal seasonal means of maximum snowpack depths in the Czech Republic for the period . The trend they found in these series indicates a decline in the 1990s. However, over the last years, snowcover in the Czech Republic has been increasing again. Similarly in Slovakia, a decline in snowpack durations was observed in the 1990s (Holko et al., 2005) . The seasons 2004/05, 2005/06 and 2008/09 were extremely rich in snow in Slovakia and Central Europe also.
In the 1970s, first attempts to simulate snow storage started with the development of the first rainfall-runoff models (Martinec, 1985; Bergström and Forsman, 1973; Bergström, 1975) . In Slovakia Turčan (1978 ), Babiaková (1978 , Svoboda (1983) or Mendel et al. (1993) developed then-novel forecasting methods (designed as ERM model (Empirical Regressive Model), YETI model or NONLIN model).
Over the past few years, many snow models have been developed in the world Blőschl et al., 2005) . The degree of complexity of these models is highly variable, ranging from simple index methods to multi-layer models that simulate snow-cover stratigraphy and texture. For example, in the framework of the Snow Model Intercomparison Project (SnowMIP), 23 models were compared using observed meteorological parameters from two mountainous alpine sites (Etchevers et al., 2004) . This project continues in SnowMIP2 project oriented on forest snow processes (Rutter and Essery, 2006) .
In Slovakia, SWE observation, evaluation, and first of all modelling, has been the centre of attention in the experimental catchment Jalovec Creek of the IH SAS in the High Tatra Mountains (Holko and Kostka, 2006; Pecušová et al., 2004; Holko et al., 2003 Holko et al., , 2005 . Results of the SWE modelling in the upper Váh and Hron catchments by the WaSim-ETH distributed model were summed up in their monograph (Holko et al., 2005) . Nowadays, in Slovakia SWE observation and the rainfall-runoff models are developed by Hlavčová et al. (2006 Hlavčová et al. ( , 2008 , Komorníková et al. (2008) , Hríbik et al. (2006) , Hríbik and Škvarenina, (2007) , or Szolgay et al. (2007) .
By the 1960s, the Institute of Hydrology, Slovak Academy of Sciences (IH SAS) initiated a monitoring program aimed at studying snowpack formation processes in its experimental basin drained by the Mošteník Creek near Považská Bystrica, Central Slovakia. Meteorological elements (air and soil temperature, precipitation, wind velocity, interception, evapotranspiration) along with stream flow data were monitored simultaneously in the experimental microbasins Rybárik and Lesný over the whole history of the program. These data were used for calibration of the HBV-light rainfall-runoff model and for simulation of SWE in the Rybárik and Lesný basins for a series of 42 years (1964/65 to 2005/06) , based on a daily time-step. Simulated SWE values were used for temporal evaluation of the snowpack formation in the studied region of Slovakia.
The aims of the study are: 
Analysis of the snowmelt-driven flood in March 2006
Combination of the extreme snow storage even at the lowest and middle locations, the substantial warming up and high precipitation (from 26 March 2006 to 31 March 2006) caused serious floods on several rivers in Slovakia and on the middle and low part of the Danube River, too.
In general, occurrence of floods during the spring snowmelt depends on several factors. Among these the most influential is the development and spatial distribution of air temperature along with the development and distribution of the liquid precipitation during the snowmelt period. The combination of these two factors combined with the effect of frozen ground beneath the snowpack, which inhibits the infiltration and increases the direct runoff, is the main cause of the snowmelt-driven flood events. The area of the agricultural Rybárik microcatchment is 0.119 km 2 (90% of agricultural land). The catchment is located at altitudes between 369 and 434 m a.s.l. The length of the mainstream from its spring to the outlet is 256 m, its mean slope is 9.1 %, and the mean slope of the whole basin is 14.9 %. Mean annual precipitation over the Rybárik basin is 738.0 mm, the mean annual runoff is 231 mm, runoff coefficient is 0.313 and the mean annual air temperature is 8.1 o C (period 1965-2004) . The Lesný experimental microbasin is located directly in the vicinity of the Rybárik basin; the vegetation cover is consists of hornbeam forest and the catchment area is 0.0864 km 2 . The mean annual runoff in the Lesný basin is 163 mm with a runoff coefficient of 0.221. Geological bedrock of the both microbasins is formed by flysh (marl, slaty marl, sandstone), with low permeability for groundwater flow. A more detailed description of the both microbasins Rybárik and Lesný is e.g. in Pekárová et al., (2005 Pekárová et al., ( , 2006 .
Description of the experimental catchments

The data
In 1958, two Thomson-type weirs were installed at the outlet from the Rybárik and Lesný catchments (small weir (45 o ) and a large weir (90 o ) at each site). Water level recorders for each of the weirs are equipped with daily (since 1999 weekly) mechanical clock enabling short time step discharge evaluation for the both microbasins.
There were four meteorological stations in the Mošteník Creek basin . Since 1990, only the MS Kunovec is in operation. In 2000, an automatic meteorological station measuring air temperature with one-hour step was installed. A temperature sensor is located in a standard meteorological booth and checked for accuracy regularly with a conventional mercury thermometer. The mean daily temperature is calculated by the standard procedure from three daily measurements.
Daily precipitation amounts in the Mošteník basin were measured at 8 stations by a standard METRA raingauge with a 500 cm 2 surface area, at 7.00 a.m., and simultaneously also by the mechanical rain recorder. At the MS Kunovec since 2000 also an automatic rain recorder (as a part of the meteorological station) is located with continual rainfall sampling.
Snowpack depth and SWE have been measured at the meteorological station in Rybárik microbasin and since 1975 at the meteorological station Kunovec. Besides these regular observations, five snow observation surveys were conducted in 2006 in the catchments for their detailed mapping of the snow occurrence.
Evaluation of the snowmelt runoff and precipitation in March 2006
In the experimental microbasins Rybárik and Lesný, the first snow occurrence in the winter sea- , at noon with a specific flow of 523 l s -1 km -2 . Thus, the flood peak specific flow from the forested catchment was higher than that from the agricultural basin. This indicates, that under certain weather conditions, the influence of forest on the flood attenuation is minimal. In this particular case, the absence of flood peak dampening in the forested microbasin can be attributed, to some degree, to the occurrence of the liquid rainfall after major part of the snowpack has been melted in the agricultural catchment.
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On days with no precipitation (from 20 March 2006 to 26 March 2006), the maximum daily air temperatures occurred around 2.00 p.m., and maximum flow in the Rybárik occurred around 5.00 p.m. The time shift between air temperature and the peak flow is about 3.5-4 hours. In the forested Lesný catchment, this process started some six days later, and was probably enhanced partially by the liquid precipitation. Temporal shift of peaks ranges from 2 to 4 hours.
Daily fluctuations due to the daily snowmelt period caused practically in both catchments on April 1, 2006, when the snow storage in both catchments disappeared, and higher flows persisted up to April 4, 2006.
Temporal evaluation of the simulated SWE by the HBV-light model
In this study, we used the HBV-light rainfallrunoff model to simulate the SWE for the period 1964/68-2005/06. The HBV-light model was developed by Seibert (1998) and it has been applied to several catchments. For instance, Hottelet et al. (1994) compared the performance of the HBV-ETH model in three different types of catchments: the original alpine basin for which it was developed, and two smaller basins at much lower altitudes with a smaller snowpack and of a shorter duration.
HBV-light model description
The HBV-light model is a conceptual semidistributed model, enabling rainfall-runoff process to be simulated with a short time-step, yet keeping low the number of input parameters. It uses subbasins as primary hydrological units, and within these an area-elevation distribution and rough classification of land use are made. Fig. 3b) For the HBV-light model, the usual time-step is one day; shorter time steps are also possible. The process of the runoff formation is describe tw
Standard snow accumulati a
The snow routine is based on a simple degreeday relation. Threshold temperature TT [°C] is used to define the temperature above which snowmelt occurs and also is used to decide whether precipitation is rain or snow. The equation for the v the melting water from the QM = (T -TT) . CFMAX CFMAX -degree-day melting factor [mm day -1°C-1 ]. Catchments with distinct altitudinal stratification can be subdivided into several zones according to their respective altitudes. This subdivision is influencing the snow-and the soil-moisture-subroutines. Each of these altitude zones ti forested and forest free subzones).
put data into the HBV-light model
The HBV-light model was calibrated for both microbasins: Rybárik and Lesný. As input data for the runoff simulation in the microbasins were used the daily precipitation depths, mean daily air temperatures, and monthly averages of the potential evapotranspiration calculated by Mi 1 the Kunovec meteorological station.
odel calibration and verification
In both basins, we calibrated the model by the GAP optimisation subroutine, using a comparison of the observed and simulated runoff values from ten water years 1964/65-1973/74. Model parameters used in calibration process for both microbasins are presented in Tab 
mulation of daily snowpack water equivalents
We used the calibrated HBV-light model for a simulation of daily mean SWE values in the Rybárik and Lesný basins for the time period from 1964/65 to 2005/06. We compared the simulated daily SWE values to rvations at the Kunovec meteorological station (Fig. 2a, 2b ) (period 1999-2006) .
In Fig. 3a) , specific peak flow from the forested catchment was higher than that from the agriculturally utilized basin. This fact shows that under particular conditions, the retention effect of the forest is negligible. Even the specific runoff from the forested catchment can be higher than that from the agricultural basin. Water storage in the snowpack at the onset of snowmelt period in the Rybárik basin was 131 mm, in Lesný basin 105 mm. It is supposed that the rainfall amounts were the same over both catchments over the flood event, i.e. 50.3 mm. The spring flood total runoff of the Rybárik basin was 133 mm, and of the Lesný basin was estimated as 100 mm. The second part of the study summarizes the simulated daily SWE values modelled by the HBVlight model for the Rybárik and Lesný microbasins for a period of 42 years (1965/66-2005/06) . So far, this model has not been used for SWE simulation in small catchments; however, comparison between the simulated and observed values indicates its successful performance in our experimental microbasins. This model is not demanding in terms of input data, since it requires only data on daily means of precipitation and air temperature.
From the SWE simulation it can be concluded that in the Rybárik basin the highest monthly SWE averages were attained in January, February, and March of 2006 (88.7; 116.9; and 104.9 mm, respectively) 
